The infral ed water-vapor bands at 0.93 and 1.13 microns have been photographed wi~h t he grating s'pectrographs of t he National Bureau of Standards. These bands appear Il1 absorption in the co ntinuous spectrum of white-light so urces, part or all of the optIcal path being in air. They appear also in e mission in the spectra of flames co ntaining hydroge n and oxygen compounds. In relatively short light-:paths, the rotational lines of these bands are sharp and show little or no te nde ncy toward diffuse ness, even in. air for which the ~elati:,e humidity is 90 percent. Their wavele ngths may be measured wIth accuracy on high-dlspersion spectrograms. Wavelengths, estimated intensities, and wave numbers, as d erived from the spectrograms, are prese nted. The wavelengths are reco mmended for use in calibrating infrared spectrometers.
Introduction
Among the out tanding features in the near infrared solar speetrUln are the bands due to absorption by the water vapor in the earth's atmosphere. Between 9000 A and the limit photographically attainable at 13500 A there are several bands that make up the groups of lines designated by the symbols p , (f, T, and <I> on Langley's normal map of the olar speetrUln [1) .1 These, and other absorption features, beyond the visible limit in the red, have been observed frequently ever since the discovery of the infrared region of the spectrum by Sir William H erschel in 1800 [2] . However, it was not until 70 years later that their telluric origin was established by Lamansky [3] , who observed their fluctuations in intensity with altitude of the sun and humidity of the atmosphere. Subsequently, thi behavior of the bands was verified when Abney and his collaborators made the first photographs of the near infrared spectr um of the s un. In 1883 Abney and Festing [4] reported that at a high altitude on a dry day the banded absorption between 9420 and 9800 A nearly disappeared from the sun's spectr um. At such times, according to these authors, the strengths of the bands, as they were observed on humid days, could be restored to the solar spectrum by placing a water-cell in front of the slit of the spectrograph. Control observations of an artificial source through cells of water 3 and 12 inches thick revealed the same "water bands ". But these observers were reluctant to attribute them to the absorption of water vapor because the "Fraunhofer lines in the band are irregularly distributed through the band ... and do not spread out as the darkness of the band increases" . However, it is known now that the ab orptions of liquid water and its vapor are not the same, and therefore the general or continuous darlmess, observed in Abney and F esting's experiments with the water-cells, is not to be confused with the selective absorption of the vapor.
Although the origin of the bands in the absorption of water vapor was long suspected the fact was established beyond doubt only in 1918 by Hettner 1 Figures in brackets indicate tbe literature'rererences atJbc end or tbis·paper. [5] , who observed the radiant energy from a Nernst glow lamp through a column of water vapor. He placed the maxima of the bands at 0.941-' and 1.128 I-' r espectively, noting that previously Fowle [6] h~d detected a depression at 1.13 I-' in the 1> band of the solar spectrum. Except for the photographic method of Abney, which apparently was not successful in the hands of later investigators, the only way of studying the band wa with radi?me.tric devices of various kinds. Observations of thIs kmd, with the low di persions employed, usually delineate the outline of the bands without yielding much information about their finer structure.
The firs t pb 0 togra phic recording of the p, (f, T bands, since the days of Abney, was. made more than 30 years ago by Meggers [7] . WIt~ the plane grating spectrograph of the John Hopkms Umversity, Meggers photographed the sun's sp e?t~um fr?m 6800 to 9600 A on ordinary plates senSItIzed WIth dicyanin. A few years later Burns [8] , and then Brackett [9] , again by using plates ensitized with dicyanin, were able to extend the sun's spectrum to nearly 9900 A. Both these observers n. oted the variable intensity of some of the strong Imes near 9300 A and suggested that terrestrial water vapor was very probably the cause of their appearance and behavior.
About 25 years ago , when new photosensitizers became available, it was possible to record spectra photographically with high dispersion; first out to 11000 A later out to 13000 A, with the same precision as 'that used for the shorter wavelength regions. At the National Bureau of Standards [10] the work of extending our knowledge of the infrared ~mission spectra was undertaken on about 50 chemIcal elements. One of the first fruits of these new investigations was the recognition of the water-vapor absorption bands superimposed on the continuum th~t usually accompanies the emission lines and bands m the spectra of arcs between metallic e.1e?trod.es. Their nuisance value in a study of emIssIOn-lme spectra was soon felt when it was realized that errors of wavelength and intensity afflicted all lines that were blended partially or almost completely with the absorption lines. Therefore, it became important to determine the wavelengths and intensities of these lines so that their effect on nearly coincident atomic and molecular emission lines could be estimated.
In r ecent years, however, the importance of these bands has b een felt in other branches of spectroscopy. In the investigation with infrared spectro meters of various flames containing hydrogen and oxygen compounds, these bands and others, due to t he H 20 molecule, appear in emission with intensities proportional to the temperature of the flame. In experiments on the absorption of liquids and vapors, they appear as sharp absorption lines in the continuous spectrum of the source, if the spectrometer is filled with air containing moisture. These facts have led to th e suggestion by Plyler [11] that the bands b e used as standards in the calibration of infrared spectrometers, particularly of grating spectrometers in which the shortward regions of overlapping orders can be used to calibrate the longward first-order spectrum, in which reliable standards are still lacking. The allocation of the lines to the P , Q, and R branch es of the bands in t he vibrationrotation spectrum of the H 20 molecule was first carried through by M ecke and collaborators [12] , who interpreted the sp ectrum on the b asis of the unsymmetrical rotator. The wavelengths used by them for the bands at 0.93 and 1.13 f.J. are t hose measured by Lueg and H edfeld [1 3] . This earlier work on t he analysis of the bands was later revised and extended by Benedict [14] .
. Experimental Details
In order to secure spectrograms of the water-vapor bands unaffected by atomic and molecular emission features, several exposures were made to a Point-olite lamp , a ver y convenient source of continuous radiation. Two sets of observations were made, the first early in D ecember 1934 when the air in the laboratory was dry (th e r ecorded relative humidity being between 20 and 25 %); the second in July and August 1935, when high relative humidities were recorded (90% on the July date, 50 to 57% on the 
inch , the other a Wood grating with 15,000 lines per inch . Each grating was set up in a W adswor th mounting, in which the total ligh t path source-tocollimator-to-grating-to-plate was approximately 11 m. The Rowland grating, with a dispersion of 3.4 A/mm in the first order, was used only for t he band at 0.93 }J-, whereas the Wood grating, dispersion 4.8 A/mm, was used for both bands. In juxta position to the water-vapor spectrum , each plate received exposures to the iron arc to supply standards for the wavelength reductions. The desired order of sp ectrum for each exposure was secured by inserting appropriate colored-glass filters in the light path between the source and the slit. For recording the spectra, plates coated with Eastman I~M a nd I-Q emulsions were used. Immediately before exposure, each plate was hypersensitized in an ammonia bath according to the procedure described b y Burka [15] . The bands are illustrated in figure l.
Discussion and Results
Visual inspection of the spectrograms reveals only slight differences among those taken on dry and humid days. The latter show a few more very faint lines than do the plates taken when the air was relatively dry; but there is no indication of broaden- the band at 0.93 1-' , they were read directly from the table ; for the 1.15-1-' band, they were interpolated by the procedurf' described by H . D . Babcock [16] . The second columns of tables 1 and 2 contain the intensities of the band lines as based on visual estima tes. A comparison of these es timates for the fainter lines with those made by Babcock and Moore [17] for the same lines in the solar spectrum shows tha t on the average those marked < 1, 1, and 2 correspond, respectively, to the solar estimates 25, 40, and 50 . For the stronger lines, no reliable correla tion with the solar intensities is feasible because of blending; but i t is evident from the above comparison that the faint er members of the bands canno t be expected to appear in the laboratory spec tra. The letters w and d after the intensities of some of the lines indicate that they are wide, probably unresolved pairs or pairs on the verge of r esolu tion.
In th e solar spectrum, the water-vapor lines are gr eatly widened owing to the long ligh t path in the ear th's atmosphere, so tha t most of them are affected by blending with other lines of terrestrial or solar origin. However, for some of the fainter lines the effects of blending ar e very sligh t or absent. The wavelengths measured for such lines in the solar and in the laboratory spec tra, as given in tables 1 and 2, are in very good agreement. On the other hand, a comparison of th e wavelengths recorded in this paper with those published by Lueg and H edfeld show marked differences. These investigators followed an exp erimen tal procedure essentially th e same as tha t described in this paper. However, their wavelengths for th e s tronger lines in the 1.13-1-' band are, on the average, 0.16 A shorter than those of table 1, whereas those they give for the 0.93-1-' band are longer than the wavelengths of table 2 by 0.16 A. The cause of the discrepancy b etween the two se ts of measurement is not apparent.
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